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As with conventional engine designs, the EAP control
system is expected to play a significant role in assuring that EAP
systems comply with the airworthiness standards set forth by
regulatory agencies. This includésilure detection 7] and
mitigation lodc, reversionary control modes, and contingency
control modes to respond to EAP systeailures The
reconfiguration flexibility of EAP architectures may allow
multiple acceptable control mitigation responses for an
individual failure, thus enabling optima&ontrol reconfiguration

Probable
(P>16) Unacceptable

Improbable
(105> P >16)

Probability of Failur€ondition
(shown in logarithmic scale)

Acceptable based on current mission objectives.
Extremely This document providean initial high-level review and
'mp{;’i’igif documentation of the potential failure modes and hazards posed
No Effect  Minor Major Catastro by a generic EAP system. The paper vélso providean
Increasing DAL ReqUir @) example evaluatio of the potential failure modes in a concept
Consequence of Failure Condition EAP system proposed by NASAlong with turbomachinery
Figure 1. Relationship between Failure Probability and control considerations to assist in the mitigation of those failures

Failure Hazard Category [3]
GENERIC EAP SYSTEM: COMPONENTS AND
Typical aircraft propulsion functions considered during the FAILURE MODES

system development and safety assessment process may include A high-level diagram of a generic hyid EAP system
thrust modulation, thrust reverser control, communication of architecture is shown iRigure2. The main subystems of this
engine health and status information to the aircraft, and architecture are upervisory controls gas turbine engines
passenger safefit]. A combination of practive strategies are ~ mechanical drivesystems, electric machines, power electronics
applied to ensure that engine functions have safety levels inand distribution systems, energy storage devices, and propulsors.
accordance with their DAL requirements. These strategies may  The architecture shown ifigure 2 is asi mpl e “ si
include defined maintenance and overhaul schedules,string” design in the sense th
containment systems to prevent uncontained failures;spesrd mechanical/electrical power foll®nas it flows from the gas
protection logic, and faibafe design concepts leveraging system turbine to the propulsor. In practice, most EAP architectures will
redundancy. The engine control system plays a significant role include multiple strings to provide protén against single
in assuring engine fagafe operation. Typically, an electronic ~ point failures. Nevertheless, the generic architecture shown in

engine control EEC) is a redundant duahannel design ith Figure 2 does serve as a basis to consider potential subsystem
built-in test and monitoring capability for potentiilures in failures and their coupled effects on other subsystdis.i s
processors, sensorand actuators In the event of a system P a pfeoc wsmes* hard” failure modes
failure, logic within the EEC is designed to automatically detect i ncapabl e of performing its i
and mitigate the anomaly. Mitigation actions may include S UCh -ase gisnensor measur ement
reverting to physically redundant controls hardware, Components, or intermittent be
commanding actuators to fahfe positions, otransitioring to perform its intended function
reversionary control modes that allow the engine to function must al so be addressed to ena
safely, although perhaps at a reduced performance level. Hard failuremodes ad effectsat thesubsystentevelare further

Today, aircraft engines and their control systems receive discussed below.
type certificate approval as a staadne system to signify their
airworthiness. However, the complex coupling and distributed Supervisory Control System
nature of EAP designs are expected to place added challenges on  The supervisory control system serves as the interface
the cerification of these systems. Fiifare neded to identify ~ Petween the EAP system and the vehicle. In this capacity it

and assign DAk to all propulsion system functionHAs receives thrust commands from the vehicle, which it converts to
performed on conceptudAP systens are provided in Refs. ~ OPerating commands sent to the various EAP subsystems. In
[5,6]. Ref. [5] analyzeghe electrical networlof a turboelectric ~ réturn, the supervsory control receives health and status

systems of four vertical lift vebles. In terms of failure then communicates back to the vehicle. The supervisory control

mitigation, it is expected that redundancy within the EAP System plays a key role in coordinating the operation of the
architecture will be required to assure that the propulsion systemunderlying EAP subsystems. Thiacludes coordinating the
still delivers propulsive thrust or torque in the event of a failure. OPeration of subsystems during transients to ensure systen
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Figure 2. Generic Diagram of EAP System Components

dynamic stability and theontrol of any active cooling systems Gearboxes, Transmissions, and Mechanical Drives

to address thermal managerheequirements. The supervisory Mechanical components are used to transmit mechanical
control system is considered a flight critical ua# its failure power throughouanEAP system. This includes drive shafts and
would resultin a complete loss of the ability to control and oil-wetted components such as bearings, gears, and
monitor operation of the EABystem.The supervisory control transmissions. These components aregies! to operate over a
systemis thusexpectedo be aredundanhardwaredesign. range of rotational speeds and torque levé@lsey include

. ] transmissionandgearboxes that convert shaft speeds to desired
Gas Turbine Engines levels. These mechanical components will play a critical role in

Gas turbines convert fuel into mechanical pov&achgas future EAP designs. Insight into the potehtiailure modes of

turbine engine has its own control system that Commun'catesgearboxes, transmissions, and mechanical drive systems

directly with the EAP supeisory control system. Gas turbine  gaineq by considering rotorcraft drive system failufessifz]. A
mechanical offtake power is delivered to a drive shaft and used high-level summary of the failure modes and effects of these
to generate electrical power. For EAP applications that use systems is provided ifiable2.

turbofan engines, the engine is also used to generate thrust

directly. Aircraft gas turbine enges are highly reliable  pp10 5> Gearbox, Transmission,Mechanical Drive Failure
machines, but failures do occur. A historical review of aircraft \1odes and Effects

propulsion system safesignificant propulsion malfunctions

) i i > Failure Modes Failure Effects
glvgn In Refs. B.9.10. A hlgh—levgl §umrr_1ary of gas turbine 9 Bearing spalling, failure  { Complete or partial loss
engine failure modes and effect¢provided inTablel. 1 Gear/Gearbox of engine mechanical
. ) ] misalignment, failure power offtake
Table 1. Gas Turbine Engine Failure Modes and Effects q Offtake/drive shaft failure § Complete or partial loss
Failure Modes Failure Effects { Loss of oil pump of theability to drive
9 Fuelexhaustion 1 Complete loss of engine 1 Loss of oil cooler electric generatorsr
1 Engine Fire powerandthrust electric motor driven
9 Uncontained failure 9 Partial loss of engine propulsors
1 Rotor seizure powerandthrust
1 Engine separation Electric Machines
1 Engine shutdown Electric machinesansist of electric generators and electric
(various causes) motors [L3]. The formerareused to convert mechanical power
1 Partial power loss into electricity and the latteto convertelectric power into
(various causes) mechanical power. They directly couple to the mechanical drive
1 Loss of speed control systems discussed above. A discussion of the potential failure




modes of these machinisgivenin Refs. 14,15]. A high-level
summay of the failure modes and effects of these systems is
provided inTable3.

Table 3. Electric Machine Failure Modes and Effects
Failure Modes Failure Effects

Shaft failure 1 Phase loss

Bearing failure 1 Partial power loss

Stator winding failure 9 Complete loss of power

Insulation failure

Broken rotor bar

Air gap eccentricity

Loss of coolingfire

Power supply faults

=4 =4 -4 _a_a_°a_°_-9

Power Electronics and Power Distribution Systems
Electronicsfor electric power switching and conversion
along with bus hardware for transmitting electric power
throughout the systeis critical for EAP designsThis includes
invertersandrectifiersfor power conversioas well as generator
and motor controllerdt also includes the cabling (electric bus
hardware) to transmit electrical power. A discussion of potential
failure modes of these systems can be found in RE54.6,17].
A high-level summary of the failure modes and effects of these
systems is provided ihable4.

Table 4. Power Electronics and Power Distribution Systems
Failure Modes and Effects

Failure Modes

Failure Effects

1 Supplyline or voltage 1 Voltage sag, high currer
failures levels

9 Electronicsfailure 1 Degraded power qualit

1 Transformer failure (voltage ripple, powel

1 Loss of cooling instabilities)

1 Controller failures 1 Low power

1 Bus failures (sortor 1 Complete loss of power

opencircuit, corona
dischargearcing)

Energy Storage (Battery) Systems
Systems for the storage of electrical endrgifAP systems
include batteries and supercapacitoiBhese devices supply

electrical power to the EAP system when being discharged and

can absorb excesdectrical power when being charged. Aircraft
have experienced battery failure issues in the past, including
failures of the Boeing 787 Dreamliner lithivion batteries18§].

A discussion of potential battery failure modes within the
automotive industry iprovided in Ref. 19]. A summary of the
failure modes and effects of these systems is providdalite

5.

Table 5. Energy Storage (Battery) Failure Modes and Effects

Failure Modes Failure Effects

1 Thermal runaway / fire { Reduction in energy

1 Aging and internal storage capacity
mechanical stress 1 Reduction in

1 Energy density discharge/charge rate
degradation 1 Complete loss of

1 Depleted state of charg: functionality

i Battery management
system faults

1 External short/open
circuit

Propulsors

The motor driven fans or propellesse used to generate
thrust and are considerednalogous to aircraft propellers or
rotorcraft rotors.Propeller failure modes are discussed in Ref.
[20]. A summary of potential failure modes and effects is
provided inTable6.

Table 6. Propulsor Failure Modes and Effects
Failure Modes Failure Effects

1 Seizure 9 Loss of propulsor thrust
1 Shaft failure 1 Reduction in propulsor
9 Bearingfailure thrust
91 Blade damage/failure 9 Loss of propulsor pitch
| Foreign object damage control
9 Loss ofspeedccontrol
Thermal Management Systems

EAP system developers fac
management d e s2ilJg.n Tchhea |l n eendy e § 0
|l evel s of energy and power S
components are factors contril
Ther mal management Ssystems ar
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EAP DESIGN CONSIDERATIONS FOR FAILURE
MITIGATION

Robust, failsafe design and operating practicese
necessary to ensure that any safety hazassdy EAP system
failures are properly mitigated. Much of this invalve
engineering and life cycle management practices to minimize the
probability of failure inflight. Examples include robust design
of pars through structural design and analysis, following
specified maintenance, repair, and overhaul schedaled
reliance on health and usage monitoring systems for the
detection ofincipient failures In addition to lifemanagement
practices to reduce the rgbability of failure, design



consideration must also be given to strategies for mitigating themitigation ofpotential AP systenfailures.To helpillustrate

failuresoccurring in flight. the role ofturbomachinencontrols inmitigating EAP failures
Fail-safe design approachase needed such that &n in an example isgiven based on th8ingle-aisle Turboelectric

flight failure does occur, it happens gracefully without AiRCraft with Aft BoundaryLayer propulsor (STARG®BL)

catastrophic impdcto the system This includes fasacting concept aircrafproposed by NASA24 | . TheABITACC

electrical system protection equipment such as circuit breakers,s howiki gBcensi st s -md urntdewmpog iwiensg
current limiters, and power electroni¢22,23]. Design for an el ectri a dnednt opr.AdptiHveacog h -t he

failure mitigation is alsoexpected to include hardware ABL applies geared turbofan (C
redundancy and reconfiguration edpilities within the system in this study is also applica
This may necessitate verdesigning the system for short conventi onal t ur Bigule4aah ceansgbi I noec k
durations of increased in“theon tdii mge talory "0oSF-ABLOVCprr oput pudns amed i

presence of a failure this.Pwedy |l ever angle (PLA)

requested t hr GF Fasnodu ttphuet tfarid i at

AN EXAMPLE OF TURBOMACHINERY CONTROL to producindg &tTFwwsd supply m

CONSIDERATIONS FOR THE MITIGATION OF EAP of ftakerpmweheir | ow pdeksueee

SYSTEM FAILURES to generators tnoe epdrecdd tttoe derla évte

While certainly not the only mitigation strategy thatwillbe Al t er nat ienlge cctérriccennttyhe gener a

necessary for the design and certification of EAP systems,t hr ough rtercdoirdtg e€rhe tpowear rewe |
turbomachinery control logic is expected to play a key role in b u s e s . Mo t ocro nmcnoamtdr oitl i dedrist @ e $
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necesdearcypowealheotail,
connected to the tail.fan

STARC-ABL Subsystem Failure Modes
From a highlevel, the following threemajor subsystem
failure modes exist in the STARSBL:

1) Failure ofa GTF

2) Failure d apower systemgssumed to include failures
in a gearbox, generator, power electronasgctricbus,
or electric motoy

3) Failure of the tailfan (due to a tailfan gearbox or tailfan
turbomachinery failure)

F i g bipresents &ailure Modes and Effectaatrix listing
potential STARCGABL subsystem failures (columns), and the
effects of those failures on other subsystems (rowdile
partial failure of a gsbsystem may be possiblejgthable only
reflects complete failuse whicharec onsi der ed
scenarioskurthermore tiis assumed thdhe two parallel power
systems are completely isolated froeach other with no
capability of power grid recofiguration for the rerouting of
electrical power from onpower systemo the otherlt is also
assumed that if a failure occurs @ther a GTF or a power
system,the parallel GTF and power system will experience
increasd horsepower extractior{HPX) demandsand electrical
power leves, respectivelyin an attempt to recovehe tailfan
thrust loss due to the failure

This matrix shows that a failure in eith&TF will cause a
loss ofelectricalpower in the power systethatinterfaces with
the failed GTF. It also caus@screasedHPX demands on the
oppositeGTF, increased electrical power in the oppopitever
system, anda reduction inelectrical power availableto the
tailfan. A power system failure will result in the elmation of
HPX from the interfacingGTF, increasediPX on the opposite
GTF, increased electrical power in the oppogitaver system,
andlikely a reduction irelectricalpower available to the tailfan
A tailfan failure will result in the elimination diPX from both
GTFs and elimination aflectricalpower in both power systems.

Failed Subsystem
GTF1 GTF2 Power Power | Tailfan
. . Systeml System 2 .
Failed Failed . ) Failed
Failed Failed
o
o o Increased No Increased No
84 GTFL FlEE HPX HPX HPX HPX
o E |
£ o ncreased f Increased No No
0 5 GTF2 HPX IR HPX HPX HPX
5 & Power | NocElectric| Increased Failed Increased | No Electrig
'<LTE @ Systeml Power | Electric Powe ElectricPowerl  Power
8 E Power Increased | No Electric Increased Failed No Electrid
o O | System2 [Electric Powg  Power Electric Power| Power
3
8 Tailfan Reduced Reduced Reduced Reduced Failed
Electric Powq Electric Powe| Electric PowelElectric Powe
Fi gbreSTABC Failure Modes
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used to eval wmatfawil turiee f f-oRL S TCGHIEFG t i ncreased riThlk «fomasn n & @
propul sion architecture. Hermqs etdimebys mmB8 T 4 64Beld piosveup dytse @
emul atewat hanl poeemneyxdtedlme (GTFR1 , one engine aanthh e heppas

Figured4). Tshciesnarwiha ch coul d be duengonthetf ahilgureer pf iagsleg oftihmn v
i ndividual component( .vwei tdd me rjpaetoopra e xbgyesd faenmmnedilnnggs het ¢ @ wm t

invebteptor,i seta&as9guyumed gearbesult i n

di sengageama@dmi natHPofhr orh @TH 1. SUARG-ABL Simulation Updates to Include
such a scenari o, t he basel i nReversionary Confrollegicst em wi | | attemp
extract 100% of the power needed atssi dt i vV en tthhee -A BaiitLibgaagt si tfoer
GTF2. faisouereari os, the inclusion of

Figdskrows simulation resul tconutnrdoelr styhsitsé hreagsrsd ictoinasii dfea rend d e
the same transient acdeéelg@mratntoon bsec einravoloegpriegebosthpbiyatbD
this case, the si mulhaatviionng bael grilctasdyw i € mu tpfloasi Iftah @ sum. eWbc kwa hhse n
occuamadt he simul ation stabiltiechnaaltogyhewi Ol e r-tecqmad irtéioogniscvo
the fail uraePLpAr essteenpt .c hAasn gehei i a giods dsycsetdemm hf ai Ipaped r edbshskeys

tailfan controller attempts tcondperl atne ttihgeatti ainl faasnp eocnt si tosf
speed accel gratqiuerst sobgedul e ma daatsysoanr y pTrgadwiee enr si onary cont |
from GTF2. However, GTF2 i s dodsi gcmehthebtl & e tod o nssutprpad iyntnsg otfh i s
HPXdemand. GTF2's fan speed &i& HRCusSIMbEKkROB tandl|l aggiesler a
initésaponse followed by a ro93% bafck avai ltehlelsee mpaxiamemet &
commencing around 3 seconds aAddirt itchrealsltya,r tritlhréo It Preccd s paid e
Fi gtdar eaFnidg tbr)e HR¥ emands on GTFthaxiomitza@uetot al avail abExacsy
to increasé&MeGart2uadPICy reachespexeéf dotchaet ipoehrmmei fsds i b l-ien daumoeudh tt |
seconds gig)ee At this point, QToFs2s aind ame EARI laff @mi éAB&t Urse ns
assumed to experience shutdowms,siadnd &ahiwsmht &l cageenoebhegat &eé
producing thrust. the vehicle's aerodynamic cha

GTF1, which experi emid®elsn daenr ae Iriwoirntahtiinoens sof sahhdar ds for
this failure scenari o, is ablegui ppednswistthenEAvPe ap @ hat e | arck
thrust throughout the transiiemftarmat hbacst udheadbsawsmdd nteh ac



faur enaxheawmi | abl e vehicle thruBheoGTphpuWBEbubd alP&emoed v etsh e
l ess than mag@Pmuir usthe out put madet ainomanabitable amguné’ ofl

operating conditions. Thi s chsnstthriasi gutd | icamiusitiethhbhedu ®T & ot bae
engine commerci al aircraft avm d ht r ametbfyeprargdsth etwée nopEhatdcomrt
Designingomnarey revretrsol modesVBW pswismulitoann Batsa sal gfhubnicigt 8aroen T b €
satisfy all/l of isha dasaiugh @ osdshtierconitmeiadnRIg t oulbley c¢ | dslecd aat
process, which required updat lednrmotpe nbldatisls trheed uGBFR . a nUch dtea i In
control | ogi c. scenatrh es bawkBMsicrheedul ei nwialiln r

appropriate amount of adpPoCvegt ¢

Tailfan Reversionary Control Logic. T h e tai yanhemwféalil mirethRXoathdor t he G-
reversionary control l ogic i holwuge e st wca wsadbdsalhiefst rienl atthiev el P
baseline control design. Fi r swth,i cthh ed intfsottitl&f reanmosu r&thl ¢ @Tl heiksB €ii so n
is updated to follow a sl owerFiag®hed hawiiGdglh R ama p e wti .t hA dtdh €

a maxi mum poweri sdepnhaancde dIl iommi htomeé nalsitdatt eeancoyper ating | ine, p!
controller restricting the amomudtdect¢r eé sHPdXr iFFeoa khlep oilHEK atsahsaet
reqguest. These two revisions(gslaown tin ngrteheen)t,aitlhfea no paea cdlie

more slowly and peaking at ai nl corweears efsant hsep e@mo lamtd @ofet SMh ral
outtphuan nwhneinnaalotaul sren one ofpetrlae i @BDF sl eoss effitiemtlayn. LI
onef the power systems operabilitiys stmaedpaiset weeley HF
eliminated (shown in blue). H

GTF Reversionary Control Logic. For the wWgwards reaching the stall [

cont rdolflfeereeedt si onary contfrool pmadéesgat édeddefPiCnead risk of st
t he cases i n W hei xcphe r i e i tc tiekneg iViBeV contr ol schedul es HRirg8crienp |
el i miomfat i omcrreecastd® Gmdhnges relkBan vtehe oi ncreased HPX case, tF
the b&I&lointe ol design tihreclVulBNé¢1 o eandi eopenso a smaller amou
schedul e, the fwerlsucaanl&ter ag/tihoBnd 81 e . For the castehewhvearlev e
schedulee ,f uaenld ctohnt r ol. set poisthedaonlted|llterd®egin opening at

overall amount for a gABENGNHRC
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Corrected Mass Flow (Ibm/s)
¢) Reversionary Control Mode VBV Schedules d) LPC Map Operating Lines wiReversionary Control Mode VBV SchedL
Fig8reApplication of Reversi oMRX yF aNBMuirGwanttiroonn Sc hed
LPC operating lines with revdlsew ywWwBava hadoumt rvedltu e il ecdwdre slr eav

showhi g8ure As desired, the operoattihneg n.o mTemiasi tidedjdwce nededsecttdh @ t
HPX is shifted upward, and tthai lofpeer aa d mad rddi atten eowenttashei iprethoer leed a
HPX is shifted downward, mai demandng i snuitt gb lale €ldetvbenlus$ thoefr ¢Ls
SM over alll operating speeds.showhRi g8rHer e, the dashedt ot e
The reversionary contr ollsom®ddbes niaoxti mfuas fodtlrhee nm d raiigiaaile @ n ¢ a s
include adjust ment s t o the IBaxi muumelnetohhr ob 0 Gwodythfeh®&T Bif r g
adjustments to the Wf/ Ps3 verusnuwse nNolhch eagcl c wdl dedneat h ® nsilsichpled ui e
performed to achieve GTF accdlnerreataisen 96 Fcda s ei ndallxei umsudm 9f 5@kl 8l u sp
the same fan speedttrna) ot ohy asminat heasemduonal't

foll owing

Adtdional ly, revised set poi ntmafxu enlu mc omrettr ot bh5rguésitt n sotuat npeu d @ pi osle |
produce a compapabyeraml oseds ptoanislief abrh ed rhdbenrGh B | case duento
for smal|l perturbations (i . et htemielafra nphevdmehgidahalrgt amel ¢nd:
acceleration transient when ABt popeuationg 86.53% w0 factched cw s
schlea)u. Thi s modi f,iacsattitopen d ystnlame ccé s sparroyd u c e d under nominal
response of the engine is dependeruteson ot meengamonmhti kef t H& X
pl aced on the | ow pressure s hsahfotwhi gnor e

HPC and LPC SM rRkisgdnt esFnaruer es
Reversionary Control Logic Simulation Results. The 9, respectively. GTF1 HPC SM

resuadtcaealgerastpionse o-ABELhpr SgAld&€isomn | imit over the entire t
systiem t he prpecsvweenrc e fosfit wantt he on t he SM design | imit durring
rever si onlaocgyi cc oaspt pddil®éwig 8.0ace both GTF1 and GTF2 remains ab
agai nfotrhias fias |l url 4dtn tploeave2 5 lowsdire6nt Macédnt i re transient, un
flight Eamdspéeed. respdngda.eare shown

(Note thatFitglpes egiridy®bs earne nor mal i zed

with r espcecaocuntteorFptagréti¥eh ¢ nt wo GTFs

fol faw speed racqeaniasr reaht h cogiieh e

nomi nal c alsiegGarheowhei hai |l fan accelerates more
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where GTF1 LPC SM dr opped ghuerleo
T m—— =l 7d)

)
<
)
x
T
g

----- GTF1 (no HPX)
= = =GTF2 (increased HPX) . . . .
Tailfan (reduced elec. power) | Discussion of Reversionary Control Mode Design

Decisions
1 There are sever al nuances pe
] that factor into the design o
warrant additional FOg®8rc awistihont
| reversionary control |l ogic th
second thrust aarcktted@é&at odbnnom
Time (s) maxi mum thrust wheisliegnalcsmn gahtdac
a) Normalized fan speed 10% HPC SM design |imit in
T 1 ] Furthermore, the fan speed ac
Max Pwr T both GTFs was able to be desic
----- GTF1 (no HPX) | case. However, meeting these ¢
= = =GTF2 (increased HPX) 1% . .

Tailfan (reduced elec. power) |+ adj ursttsmet o the maxi mum el ectr
- = -95% Max Pwr ] placed on the tailfan (set to
1 under nomi nal conditions) as
P | schedules applied to the taildf
P HPX (i . e. heRGTg®Rreei anmpt e) . Tot ¢
] maxi mum net,ttwhusesh bDetpgét 3% o
presented faeouudebexbmpleased

Time (s) taipdwear demand | imit, but thi

b) Normalized net thrust violating one or more of the

I I I I increased maximum thrust out p
T2 et HX) SM to drop below 10%, all owi
" |- — - SM Design Limit | accel erate omorse c s abbwilctyontgymati hnet
/ symmetric fan speed accelerati
vV - / | nominal case. Such design cho
"""""""""""""" study, but illustrate some of

W g of an EAP assy sttheevA SSTWACChC
S S SV B Given the simulation usismugdt
reversionary contrplamodpalypsi
ma X i nruem thrust out-ABIltpr op ultshie

Time (s) systuaether nominal and matigheed
¢) GTF HPC stall margin 0. 6 Mach f lairgeh tp ricdoanbdli etti eorsiea,met h

e poteBTAGLBL subsystempfasd¢nmtred
et i ex| o Figbaree considerethowal pheeceni a
|~ =~ ~SM Design Limit ‘ 1 t hteotrmaalx i muen t hr uosft toluea-pBTACC
e propul sion syst eimnavhlewnf rfodpee)rlauT
. - | table shows that maxi mum net t
P 4 of a GTF failure (51.6% of non
g \ ] failewWr.e8% of nominal stylsit st )f,ai
— e ] (86.03%nominbhh €&€ackest)I0% compr

margin |imits, 5 second accel e

0 —— 250% of nominal maxi mum t hr us/
a0 ZT_3 4 5 67 metddi ti onal anmdcyess ssarwo utlod eb
d) GTF[“;éS)stau margin r es uI ts to ot her afslsiegshst wchoentdhie

9S@ARKBL Accel eration Resq § Cuitt B S il seastaadisinesit e

: . Lhrre)ughout ®“he vehicle' s e
System 1 Raivleursea osmmmad y Con trlotl shoul d be hempheassuil Zesd ptrheas

paper only cover anofi nE¥TABIC h
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